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RECOMMENDATIONS

It is recommended that prototype components be fabricated and tested0

under actual firing conditions to determine suitabilit'' of design. It is

recommended that, upon acceptance of dlesign, molds be fabricated and a
glass filled epoxy-molding material such ats Scotchply 1100 be used for

production of end items requiring high strength.

0V

*INTRODUCTION

Whe Piastics and Packaging Laboratory at Picatinny was requested by

Watetvliet APsema? ro analyze strain gage data obtained by Watervliet
Atsaa4 eii aht 6i~ped asse~nbly for the 81 mm mortar and from such data,
egl~etetmimo~*c Eea-Atility of replacing existing metal c~mponents of the
trnorixt iasseinbly witli llghpweight plastic parts. The use of high strength,
ligtitwelg~tt plase~s for this application Nvas considered desirable as a
mta2.s of fightentrng andI making more portable an assembly designed for
Wsi; dtj an~a4 Ty Lijavay sojdie4s.

DLoSQUSSION

no slPan Ji~ ata gerieive~l ic4 Wov~aviieq AvsenaA was ebtained

.' irag atisllmt rfiings ginf the inorta?. Jkgrangul at swaln r(*etves consist?ng
(qtClu gAg~.aiJ14# ot i-4 410and )(W anlges sctewl& thei; were lised~tai

04~i 014#pf-v leg* *rs 411past so!Qlj oxs~ai.#414, 16v4c4 W wx~gnýr 61VgiM

on t he re m aining 4ifivwb aiuaid, "r0d p ft,498 9,C-1Ze4, % . *x&at J'j*
was used. MIa xv6nh mift'V-v- 1 6 Aff -. 67-'! . - -§. a--) - U 9L-

stress val ues w~ veI V tZt -i~mA 41nA rdAv ~s41.0A
ModulIu (s ~SC) aTAL*3e it ()



0i

Review of this reported strain gage data by Picatinny Arsenal indicated
that the number of gages placed around the bipod legs was not sufficient

for determining the actual maximum stress. Therefore, an engineering
approach utilizing an iteration pposess was tried and successfully used
(see Appendix A) to determine te maximum swess,

Determination of Tensile Bending (aTB) and Compressive Stresses (cc) in Right Leg

From the firing daia reported to Picatinny Arsenal by Watervliet Arsena),
it was observed that the right leg of the bipod experienced a compressive
load of 667D psi afwep 11.4 milliseconds after firing (see Table 3). After
40.4 milliseconds, a stress reversal occurred in which this compressive
stress changed to a tensile stress of07,980 psi. It is important to note

* that the stresses reported in the data and substantiated by Watervliet
Arsenal are the sums or resultants of the tensile bending stress (OT1B) and
the compressive stress (ac).It must therefore be assumed that there exists

S a tensile stress (due to bending) such that, when a compressive stress of
6,670 psi is added to it, the resultant is a tensile stress of 17,980 psi. The
reason is that both tensile and compressive stresses can conceivably be
appliec~simultaneously. Thus, by numerically adding the compressive and
tensile siresses reported in the data, values for OTB and cc are deter-
mined (see Appendix Al. For this partijula, example, 9 TB is determined to
be 24,650 psi and c¢ is 6,770 psi. This procedure is continued for each

of &he six test rounds to determine aTB and ac for each case. Use of the e
maximum values of GwTB and aC will represent the malkimum possible load-

ing conqition whIch can be sensed by the right bipod leg. The values thus
determined are:

C w

r CTB = 24,650 psi

o #o = 21,79D psi

It is important to K-•enpaAz%,Aat Mesr stiess vatues are resultant
stresses; each be~igg sum ef a Oensde Se~rng stress and a compressive
stress. Also, thatit is gvss(ýý edebtaln hee# vales 110m arinfinite
number of tensile an$ 1kdvp!ssTe streaqse jol e !fes lpp•|g the

* leg assembly is suetlleeg stmulloefts~y oe a 6gnsTIV bsndjng saress of
•;98 psi and a Sbntressift sNt9*Of s94 ps%-hgr sia ant spss
would be 17,98@psi. It j4 seen Oat cAis ts &xaety t4 Val ur #j shrps
reported by the sirai4 jliftata, 9uggt Is 6y'AsPeaVs Me tvx.6r4&tesq*

*



I
as demonstrgxed, since the maximum recorded stress is a fuLction of the
time lag in applied loads. Similarly, a reverse procedure can be made to
yield a negative value of stress, i.e., 6,770 psi.

In order to limit the many possible choices of bending and compressive
stresses, it will be assumed, and reasonably so, that approximately 15% of
the reactive force (or 12,000 Ib) is transmitted to the bipod in the form of
friction (Ff ,see Fig 5). Having established this criterion, an iteration proc-
ess will now be used to converge upon the final design stress values. This
is accomplished by substituting various combinations of stresses the sum of
which is a plus*17,980 psi into Equation 6 (Appendix A) until the desired
value of Ff is obtained. When this condition is satisfied, the maximum

6 *design value for 0 TB is obtained. This sarre procedure is repeated for
various values of stresses yielding a resultant stress of a minus 6,770 psi.
Similarly, when these values are substituted into E 4uation 6 until the
desired value of Ff is obtained, a maximum value of a. is also obtained.

It can be shown by this iteration process that there are two sets of
values that will yield Ff equal to 1*000 pounds

S U

(a) a TB = 33,000 psi a

9C = 16,0ý0 psi

(b) g B = 3,000 psi

9C - 15,••0,psi

* Since the values !n (a) sepPesent the rnoft extieme case, these values
will be used for design purposes, It Is Interesting to note that they are in

0 reasonably good agreement with 4he maximu.b vatess i4teimined from the
data; i.e.,CTB = 24,65,) psi and m = 12#ýO psis

From Equation 6, it is shvoos that a. T: te ma•or castiuting factor
since the coefficient Of. TB'S -very scnmatl ompmeA so shat of cc. For all

*, practical purposes, Ff is a funct~omof c*nty. This f&Gt also agees with

the comments reported on the datc to A# elgs that strain roslettes are
not needed since most of the stress 'is semngs=ves

4
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l)terMI*AgtiQJ Of a-rm and (7C In Left Log

The process for determining aTB and cvc for the left leg is identical to
to that described for the right leg. The only difference is in th-e physicalI
dimensions. The applicable parameters are listed below.

Moment of inertia (1) .03 28 in.

Length of leg (1) 27 in.

Distance from neutral axis

of leg to extreme fiber Cc) .476 in.

*ýrea (A) .404 in.'2

Substitution of these values into E jati on 5 (see Appendix A) yields
the following equation for frictional firce:

F f = ý/(26.2 x 10-) a TBJ (.652) Uc (1

Using the iteration method, the maximrum design stresses are determined
to be

c 44,000 psi

*cC =17,000 psi

* Here again the stresses are in reasonably g~bd agreement Sich those deter-
mined from the data a

0 6

CjB= 21,260 p~si*

a* = 11,890 psi

Substituting the calculated values for aTB and cc into Equation 5 (in
Appendix A) yields a fricitonal force for the right and left leg ?espectivel y,

Ffe= 12,540 lb
R0

9 F IL 13,560 lb



I

F 13,050 pounds. Note that this value does not depart sinjaýntly

from the 15% (or 12,000 pounds) originally assumed. If the calculated value

for a. for left and right leg is substituted into Equation 2d and 4b respec.

tively (Appendix A) an F"1 of 15,140 pounds is obtained.fay8

At this point, all the forces acting on the system are known and a de.
tailed stress analysis can be made of the various components.

Stresses Induced in Plastic Components

Hub Connection 0

It is contemplated that the yoke and the tube housing will be fastened

to each other by bonding with an epoxy adhesive rather than by the use of

screws. The applied load F" will thus induce an interfacial shear

stress (see Fig 1, pg 8).

F" 15,140 15,140
as .favs _ _ _ = = 1,635 psi

A rt Dh rt (1.6875) (1.75)

*Which is well below the design value of 3000 psi for epoxy resins.

** Case S

Upon firing, shaft A (Fig 2, p 9) imparts a bearing load to the case,

with a resulting bearing stress of

fal .. vaJ - 15,140 20,100 psi
HBPs A 2 (1.6895' - 1.3752)

4 S

Tube Mousing

The force acting on the left leg, for a calculated stress of 44,000 psi is

9B 21 44,000 (2) (.0328)
R; =(FTB)L 2 =224 lb

L C (.476) (27)

6

Oo6

S q
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* ~Similarly, a stress of 33,000 psi will induce a force In the ri~gb: log of 1
SR' =CFTB)R~33,000 (2)(.0498) - 2.6 Ib,

"(.563) (27)

the average force being

(FTB)L+ (FTB)R - 220 lb.
(TB )&V8 2

The tube housing shaft B (Fig 1) will act as a solid shaft during firing
since shafts A and B are coaxial. The moment of inertia is

IH (I)' = -L-(1.6895)' = .402 in.'
(4 64

The stress due to bending in the tube housing is

Mc Ic (220) 6 (1.6895•
B= T (FTB)avg 1 .402 2/

6

r oB] 2,780 psi

The bearing stress of 20, 100 psi imparted to the case is the same com-
pressive stress as exists in the housing. Thus the total stress in the tube
housing is the sum of the bending and compressive stresses,

aT = aB + aC = 2,780 + 20,100 - 22,880 psi.
0

It is to be noted that the cover and body and the yoke ring components
do not sense any significant stresses since the only applied load is the
inertia of their own weight. However, the yoke ring must withstand a
sustained shear load at temperatures of 4000. 500cF for periods of 1j-30
minutes.

0 °



Sha ft

:• ~ Shaft •

k~k 6

0 0

"0 0

af

L
9 

R

a T B f 0

F" F'

R;'L R fR 
R fR -÷ • f L . ( b ) R;

Fig I Bipod assembly (a) and yoke assembly (b)



1.4375

1.4355

1.373

- 1.375 -1

* .

00 0

00

00

*e 0

Fig 2 Schematic of elevating mechanism
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The maximum moment oecurs at section AA (see Fig 5), with a-M• .......
of inertia equal to

I A A - I T h b I = "• L " T = 2 9 7 i n . ' . . . . .

and section BB has a smaller moment of inertia

I 1 (.312) 1 ) = 174in.'

The corresponding bending moments are

/Fj~ 15,140
MAA =•----=)!, 2 (1.25) = 9,460 in.-Ib

M = 15,140 (.72) = 5,440 in,-Ib2

and the bending stresses are

a "M-c- 2-4a. (12) = 17, 900 psiAA 1 .297 16

'BB 54 ( = 17,650 psi

The shear stress at section CC is,

15,140

O'h = Ffavs/2_ -= 1 3,500 psi
A M210{,12) (.3)11

The schematic diagram of the elevating mechanism (Fig 2, p 9) indicates

the required dimensions of various mating parts. These dimensions were
determined- in ordcr to preclude binding within the military spccifications

temperature range of .-65'F through 1600F.

10
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Fig 3 Connector
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In term-s of stress-re quirments mentloned above, -fl)e-h assd .AS.....-
components in quesirion can be fabricated from plastics, A- molding ma-U-
such as a fiberglass-filled epoxy should readily fulfill all of the require-

rments for such plastic parts.I If fabrication of prototype parts is desired this may be accoi~plished by
• machining components from rolled tubing. The particular materials sug-

gested for each prototype component are listed below in order of preference
(1, 2, 3) on the basis of strength and thermal properties.

0
Comparison of design stress with the calculated stress values indicates

that some of the strength requirements on the rolled tubing materials are
marginal. During the analysis, however, the worst possible conditions were
used in each case and it is recommended that materials with lower design
stress values be test evaluated.

TABLE 1

Composition of component parts

5 1 2 3

Reinforcement Resin Reinforcement Resin Reinforcement Resin

Tube Cotton cloth Phenolic Asbestos Phenolic Paper Phenolic

Case Cotton cloth Phenolic Asbestos Phenolic Paper Phenolic

Bracket Paper Phenolic Asbestos jhenolic Cotton cloth Phenolic

Body Paper Phenolic Asbestos Phenolic Cotton cloth Phenolic

Cover Paper Phenolic Asbestos Phenolic Cotton cloth Phenolic

Connector Glass Silicone Paper Phenolic Asbestos OPhenolic

Yoke ring Glass Silicone* Glass Silicone Glass Silicone

"The silicone glass rolled tubing has the following physical properties:

Thermal coefficient of expansion = 1.1 x 10" cm/cm 'C

Maximum operating temperature, continuous = 400OF

Maximum operating ternperature, short time = 475°F

12



in Table I are-as fo1lows;

T~ABL!. 2

Mitelftial desilgn strength values

Materials Tensile strength, Compressive strength,
Reinforcement Resin psi psi

Paper Phenolic 10,500 17,500

Asbestos Phenolic 8,500 19,000

Cotton Phenolic 7,500 21,000

Glass Silicone 30,000 15,000

The existing parts were redesigned for plastics (see Figs 10-16 in
Appendix B, pp 25-31) taking into account the thermal coefficients of ex-

pansion of the recommended plastic materials.

Watervliet Arsenal did not request fabrication and testing of the proposed

plastic parts. This report, therefore, is a feasibility and design criteria

study only.

13
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Straln data submitted by WatrvIlet Arsenal - I

lipod Angjp of RgtBedLgLi. 4  La
Round Traverse Elevation, Time,' Stral%, Stress,a* Tim), lh,
Number Position degrees me IA Iln/in. pei me u. In./in. psil

323 Center 45 11.41 -230 -6,670 7.5 -410 -11,890
323 Center 45 40.4 620 17,980 44.6 530 15,370

324 Center 45 12.0 -210 --6,090 8.1 -230 --6,670
324 Center 45 40.2 270 7,830 28.3 320 -9,280

325 Max left 45 8.4 -340 --9,860 8.8 -390 -11,310
325 Max left 45 43.9 380 11,020 44.4 460 13,340

326 Max left 45 8.1 -310 -6,990 - - -
326 Max left 45 40.6 600 17,400 - - -

327 Max right 45 9.2 -400 -11,600 - - -
327 Max right * 45 36.4 350 10,150 - - -

328 Max right 45 14.2 --44U -12,760 8.3 -390 -11,310
328 Max right 45 38.5 320 9,280 46.5 390 11,310

329 Center 65 16.9 -410 -11,890 11.6 -400 -11,600
329 Center 65 a 43.9 330 9,570 46.8 520 15,080

330 Center 65 8.4 -370 -10,730 14,1 -260 -7,540
330 Center 65 39.5 370 10,730 33.8 250 7,250

331 Max left 65 15.5 -370 -10,730 7.6 -620 -17,980
331 Max left 65 40,4 320 9,280 44.5 420 128,180

332 Max left 65 8.5 -350 -10,150 9.5 -'420 -12,180
332 Max left 65 44.8 360 10,440 46.8 410 11,890

333 Max right 65 8.9 -390 -11,310 9.3 -380 -11,020
333 Max right 65 39.5 250 7,250 45.3 350 10,150

334 Max right 65 7.2 -250 -7,250 10.0 -290 -8,410
334 Max right 65 39.0 240 6,960 44.6 260 7,540

335 Center 73 13.8 -180 -5,220 10.1 -310 -6,990
335 Center 73 56.4 150 4,350 35.0 220 6,380

0

$Time from zero time (zero time = time when first deflection is recorded on right leg).

"Stress = strain Y, where Y equals the stretch modulus of elasticity (29 million for gun
steel).

The reaction force reported at the base of the mortar barrel was 79,200 pounds.

14
0
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A F I .END.. -IX

Development of Equation for Frictional Force (Ff)

Fig 4 81 mm rmortar

15



I~ I®

F ~ i

FR

Fig 5 Schematic of force system

FR = force of recoil

Ff = friction force

Ff = bending component of friction force

F" = compressive component of friction' force along center line of
f bipod assembly, in plane of bipod

16



aa

mIoe line pf fooef along baarxp

IM

,.- .of bipod leg

*Fig 6 Moment diagram and edge viewv of bipod assembly

moment about plane of bipod assembly (y z plane)

M, moment in plane of biped assembly (y z plane)

,M1 & M2  moment vectors

resultant moment vector +

17
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F;

F

Fo R

0

Center line of

Line of fire bipod assembly

Bipo4 lo2

Fig 7 Force diagram

FTB = resultant bending force

R f = force acting along center line of bipod in the plane of the

bipod assembly

R' = component of R or F" tending to bend bipod leg

Rf = component oi Rf compressing bipod Ieg

18



-Considquing8 one I-r.o -t~he hipod asscmbly to a~ct a5-ACni& -h -
bearing half of the applied load, we have

F'

2

Line of fire

a

(a) Side view

Each leg will bear a load of
2

Fj:

(b) Front view

-F _ TB

leg
(c) Top view

Fig 8 Bipod assembly
e 1



j 5From Figures 8 a, b, and c the following relations are readily determined

-F /F\ (Fa)
S•, ~2 12 2 -] ÷¢ .

(2' (Rf')z + (R' 1 (2b)

(FTB)' 2 R) (2c)

Adding the orthogonal equations (2a), (2b) and (2c) and making the follow-

ing substitutions:

F; (F-r Cos F"2 FT B sin i" cos 0 (2d)

I ; sin 0
L 2 J

we have after simplifying

2 TB

The equations for bending and compressive stress for a cantilever are

respectively,

MT c FTB ic
CTB (Bending) (4a)

solving for FTB

6 "r a I

FTB Ic

20



La

- (compressive) (4b)c A

I solving for RIIf

' R' =ac A

II
1 length of bipod leg, in.

c distance from neutral axis to extreme fiber, in.

I moment of inertia of bipod leg, in.'

A cross sectional area, in.'

FTB resultant force causing bending, lb

R" compressive force applied to bipod leg, lbf

Ff frictional force, lb

0 TB tensile stress due to bending, psi

9, stress due to compression, psi

gT total stress ctrB + oc , psi.

Substituting equations 4a and 4b into equation 3, we have,

Ff 2 + / A)'(

21



47

S~~37" 

:-081

30"

7,'

4 5- 54'

48"'

(a) Side view

27'

1w- 30"-

(b) Front view

Fig 9 Assumed geometry of bipod assembly during firing

22



UsinS the following values, F, is determined as a functon of aTIr & - .

I =--(I(D' - D•) - [(1.125)' (.87)'] -.0498 in.-
6406

I = 27 in.

Dco= 0.563 in.

2

A -.- (D' - D2) - 0.392 in.24 0

Substituting these values into equation (4), the result for the right bipod

leg is,

Ff v V(42 .96 x 10-) aTB3 + (.616) a (6)

Since the geometry and dimensions of the left and right legs differ,
Equation 6 is applicable to the right bipod leg only. A similar expression
for the left leg is presented in the discussion (Equation 1). Equations I

and 6 differ only in the coefficieats of aTB and oc,

23
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AP.2. x -n - --.

The seven drawings contained in this appendix (Flgs-0-16, pp 2-5--I)
show how the components of the 81 mm mortar bipod would hAVe Coe-5-
changed, in design and dimensions, if they were to be manufactured-f4m
plastics. The principal changes showli are:

a. Relaxation of certain dimensional tolerances from .002 to .003 inch.

b. Deletion of instructions regarding surface finish.

c. If grease cups are to be used on bracket, allowance of sufficient
clearance for bonding of cups.

d. A dimensional change of .0055 inch to leave sufficient clearance
for bonding between case and housing tube connector.

e. Elimination of four drill holes in bottom of cylindrical portion of
case, because plastic parts would be bonded.

f. Replacement of a .0615 + .005 inch hole in the case with a '/,, inch
ream.

g. A dimensional change in the yoke ring to permit a clearance of at
least .005 inch for bonding of the yoke ring.

All of the drawings included are modifications of the standard metal
S parts drawings, to incorporate the above-listed changes.

24
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